The complementary DNAs (cDNA) encoding the [Trp 7 ,Leu 8 ]-gonadotrophin-releasing hormone (salmon-type GnRH; sGnRH:GeneBank accession no. u60667) and the [His 5 ,Trp 7 ,Tyr 8 ]-GnRH (chicken-II-type GnRH; cGnRH-II: GeneBank accession no. u60668) precursor in the roach (Rutilus rutilus) were isolated and sequenced following reverse transcription and rapid amplification of cDNA ends (RACE). The sGnRH and cGnRH-II precursor cDNAs consisted of 439 and 628 bp, and included open reading frames of 282 and 255 bp respectively. The structures of the encoded peptides were the same as GnRHs previously identified in other vertebrates. The sGnRH and cGnRH-II precursor cDNAs, including the non-coding regions, had 88·6 and 79·9% identity respectively, to those identified in goldfish (Carassius auratus). However, significant similarity was not observed between the non-coding regions of the GnRH cDNAs of Cyprinidae and other fish. The presumed third exon, encoding partial sGnRH associated peptide (GAP) of roach, demonstrated significant nucleotide and amino acid similarity with the appropriate regions in the goldfish, but not with other species, and this may indicate functional differences of GAP between different families of fish. cGnRH-II precursor cDNAs from roach had relatively high nucleotide similarity across this GnRH variant. Cladistic analysis classified the sGnRH and cGnRH-II precursor cDNAs into three and two groups respectively. However, the divergence between nucleotide sequences within the sGnRH variant was greater than those encoding the cGnRH-II precursors. Consistent with the consensus developed from previous studies, Northern blot analysis demonstrated that expression of sGnRH and cGnRH-II was restricted to the olfactory bulbs and midbrain of roach respectively. This work forms the basis for further study on the mechanisms by which the tapeworm, Ligula intestinalis, interacts with the pituitary-gonadal axis of its fish host.
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INTRODUCTION
Gonadotrophin-releasing hormone (GnRH) is a decapeptide that regulates the development and maintenance of reproductive function in vertebrates. To date, nine variants have been identified (Powell et al. 1995) . Two variants generally occur within the brain tissues of a single species, although five have been identified in the spotted dogfish (D'Antonio et al. 1995) . Chicken-II-type GnRH (cGnRH-II) has been commonly found in nonplacental vertebrates, while in teleosts the second variant, salmon-type GnRH (sGnRH), generally occurs (Andersen & Klungland 1993) . In fish, as in other vertebrates, several authors (e.g. Amano et al. 1991 , Grober et al. 1994 , Yamamoto et al. 1995 have proposed the existence of at least two distinct GnRH neuronal systems. The cGnRH-II system predominates in the midbrain, while the second variant occurs in the pre-optic area.
The differential distribution of the cell bodies and fibres immunoreactive for the GnRH variants strongly suggests different roles for these molecules. Investigations of the GnRH innervation of the pituitary gland (e.g. Kah et al. 1986 , Amano et al. 1991 , Rosenblum et al. 1994 , Yamamoto et al. 1995 suggested that, in fish, sGnRH may have a more important role to play in pituitary gland function than cGnRH-II.
All variants of GnRH are synthesised as a precursor with a structure typical of neuropeptides in general, comprising a signal peptide, GnRH, a Gly-Lys-Arg cleavage site and a GnRH associated peptide (GAP). In rats, there is some evidence that the latter peptide may stimulate luteinising and follicle stimulating hormone whilst inhibiting prolactin secretion from anterior pituitary cells and lactotrophs respectively (Nikolics et al. 1985) .
To date, complete or partial cDNA sequences encoding salmon-type GnRH have been identified in Pagrus major (red seabream; Okuzawa et al. 1994) , Carassius auratus (goldfish; Lin & Peter 1996) , Porichthys notatus (plainfin midshipman; Grober et al. 1995) , Sparus aurata (gilthead seabream; Gothilf et al. 1996) , Salmo salar (Atlantic salmon; Klungland et al. 1992) , Salvelinus fontinalis (brook trout; GeneBank accession no. X79712), Oncorhynchus tshawytscha (chinook salmon; GeneBank accession no. X79711), Salmo trutta (brown trout; GeneBank accession no. X79713), Oncorhynchus mykiss (rainbow trout; GeneBank accession no. S65569), Oncorhynchus masou (masu salmon; Suzuki et al. 1992) , and Oncorhynchus nerka (sockeye salmon; Ashihara et al. 1995a,b) . In the last species, two different sGnRH gene sequences have been identified (Ashihara et al. 1995) although differences, if any, in the function(s) of their encoded peptides are not known. In contrast, Clarias gariepinus (African catfish), has a unique variant that replaces sGnRH in the preoptic area (Bogerd et al. 1994) . The cDNA encoding the cGnRH-II precursor has been characterised in goldfish (Lin & Peter 1996) , Haplochromis burtoni (African cichlid; GeneBank accession no. L27435), African catfish (Bogerd et al. 1994) and Sparus aurata (Gothilf et al. 1996) .
Within each of the variants of GnRH precursors studied, the peptide sequence of the GnRH itself and the following Gly-Lys-Arg are totally conserved, whilst their nucleic acid sequences show some degeneracy. Significant similarity between the cDNA and amino acid sequences of the signal and associated peptides occurs only within each variant. Expression studies (e.g. Suzuki et al. 1992 , Grober et al. 1995 have confirmed the numerous immunocytochemical investigations that have suggested a differential distribution of variants within each species. However, some interesting exceptions exist. For example, catfish-type (cf) GnRH (a variant that replaces sGnRH) and cGnRH-II were both expressed in the rostro-ventral forebrain of Clarias gariepinus, although the latter was 100-fold more potent at stimulating gonadotrophin-release (Goos et al. 1995) .
Relatively few complete nucleotide sequences of GnRH precursors are known and, in cyprinids, they have only been characterised in the goldfish. This study compares the sGnRH and cGnRH-II of a cyprinid ubiquitous in European freshwaters, the roach (Rutilus rutilus), with those previously characterised in other species. This forms part of a larger investigation that aims to compare expression of the GnRH genes in roach infected with the pseudophyllidean tapeworm, Ligula intestinalis. A unique feature of this host-parasite interaction is that it results in an inhibition of gametogenesis and gonadotrophs in the mesondenohypophysis are smaller, reduced in number and show no seasonal cytological changes (Arme 1968) .
MATERIALS AND METHODS

Animals and RNA extraction
Sexually mature roach (14-18 cm) were obtained from various sites around England at different times of the year. The olfactory lobes, olfactory bulbs, hypothalamus and the remaining brain tissues were removed, pooled, frozen in liquid nitrogen and stored at 80 C. Total RNA was prepared using guanidine thiocyanate-phenol-chloroform extraction (Chomczynski & Sacchi 1987) and poly (A) + RNA was extracted using Dynabeads Oligo (dT) 25 (Dynal UK Ltd, Bromborough, Wirral, UK) according to the manufacturer's instructions. RNA concentrations were determined by optical density readings at 260 nm (Genequant, Pharmacia Biotech, St Albans, Herts, UK).
Oligodeoxynucleotide primers
Oligodeoxynucleotide primers were obtained from Pharmacia Biotech. For reverse transcription (RT) and 3 rapid amplification of cDNA ends (3 RACE) encoding partial sGnRH precursor, the primer designs were as follows: d(T)-adaptor 3 -primer, 5 -GACTCGAGTCGACATCGA(T 20 )-3 ; adaptor-I 3 -primer, 5 -CGCTCTAGAGACTCGA GTCGACATCGA-3 ; sGnRH degenerate primer, 5 -CGCAGATCTCA(GA)CA(CT)TGGTCITA (CT)GGITGG-3 (which was designed based on the amino acid sequence of sGnRH); degenerate GnRH nested primer, 5 -GTAAGATCTCICA (CT)GGI(CT)(GT)I(TA)A(CT)CCIGGIGG-3 and adaptor-II 3 -primer, 5 -CGCGAGCTCGAGTCG ACATCGATTT-3 . For amplification of the 3 ends of cDNAs encoding cGnRH-II, the primers were identical to those described above except that the cGnRH-II degenerate primer, 5 -CGCAGATC TCA(AG)CA(CT)TGGTCICA(CT)GGITGG-3 , replaced the sGnRH degenerate primer.
For RT and 5 RACE encoding partial sGnRH precursor, the primers were as follows: oligo d(T)-anchor primer 5 -GACCACGCGTATCGAT GTCGAC(T 16 )-3 ; sGnRH gene specific primer-I, 5 -CATTGGCTCCAAGGGTTCATC-3 and sGnRH gene specific primer-II 5 -AGAGGGAAA CCTTCTGCGTCC AC-3 . For 5 RACE encoding partial cGnRH-II precursor, the oligo d(T)-anchor primer was identical to those described above. The cGnRH-II gene specific primer-I was 5 -TTGT AGGAACTGCTGCAAATGG-3 and cGnRH-II gene specific primer-II was 5 -ATAATGCTG GCAGTAGGTTTACTC-3 . In addition, nested primers were used and their sequences were as follows; cGnRH-II gene specific primer-III 5 -CAGGTCTAATGTGTTTGCTGGA-3 and PCR anchor primer, 5 -GACCACGCGTATCGA TGTCGAC-3 .
Reverse transcription (RT) and 3 end amplification of cDNA
Reverse transcription
Either 0·25-0·5 µg poly (A) + rich RNA or 5 µg total RNA were heated to 68 C with 0·75 µ d(T) adaptor 3 -primer for 10 min, then cooled on ice. The denatured RNA was incubated with 50 m Tris-HCl (pH 8·3), 50 m KCl, 10 m MgCl 2 , 10 m DTT, 500 µ dNTP, 0·5 m spermidine, 5 U RNAsein (Promega, Southampton, Hants, UK) and 20 U avian myeloblastosis virus (Promega) in a 20 µl reaction mixture for 1 h at 42 C, followed by 30 min at 52 C.
RACE encoding partial sGnRH and cGnRH-II precursor
The 20 µl reaction mixture for 3 RACE contained between 0·5 and 1·0 µl RT products, 50 m KCl, 10 m Tris-HCl (pH 9 at 25 C), 0·1% triton 100, 200 n dNTPs, 2·5 m MgCl 2 , 5 µ sGnRH degenerate primer, 1 µ adaptor-I 3 -primer and 1 U Taq polymerase (Promega). Amplification of cDNAs encoding partial sGnRH precursor used 10 cycles at 94 C for 45 s, 55 C for 45 s and 72 C for 1 min followed by 25 cycles at 94 C for 45 s, 65 C for 45 s and 72 C for 1 min (PCR I). This was then diluted (1:10 in diethyl pyrocarbonate-water) and a 1 µl aliquot was further subjected to five cycles at 94 C for 45 s, 55 C for 45 s and 72 C for 45 s then 15 cycles at 94 C for 45 s, 65 C for 45 s and 72 C for 45 s using 0·75 µ adaptor-II 3 -primer and 5 µ degenerate GnRH nested primer (PCR II). For 3 RACE encoding partial cGnRH-II precursor 5 µ cGnRH-II generate primer replaced the sGnRH degenerate primer in the first round of amplification (PCR III). The nested amplification (PCR IV) was identical to that described for PCR II.
synthesis and amplification of cDNA
5 cDNA synthesis and polyadenylation reaction For synthesis of both types of cDNA, 0·5 µl Poly(A) + RNA were incubated in a 20 µl reaction mixture as described for RT except that sGnRH and cGnRH-II gene specific primer I (625 n) replaced the d(T)-adaptor 3 -primer, and transcription incubations were at 55 C for 60 min and then 65 C for 10 min. The cDNA was purified using high pure PCR product purification kit and eluted in 50 µl 10 m Tris-HCl, as described in the manufacturer's instructions (Boehringer Mannheim, Lewes, E. Sussex, UK). Poly (A) + tailing was carried out in a 25 µl reaction mixture with 19 µl cDNA, 10 m Tris-HCl, 1·5 m MgCl 2 , 50 m KCl, 200 µ dATP, 10 m sodium cacodylate, 10 µg/ml BSA, 50 µ EDTA and 10 U terminal transferase using a DNA tailing kit (Boehringer Mannheim). The reaction proceeded for 10 min at 37 C before termination at 70 C for 10 min.
RACE encoding partial sGnRH and cGnRH-II precursor
For 5 RACE, the reaction was as described for 3 RACE except that 5 µl poly (A) + tailed cDNA were amplified using 1 µ oligo d(T)-anchor primer and 625 n sGnRH gene specific primer-II by 10 cycles at 94 C for 45 s, 55 C for 45 s and 72 C for 1 min then 25 cycles at 94 C for 45 s, 60 C for 45 s and 72 C for 1 min (PCR V). The 5 amplification of partial cGnRH-II precursor used 3 µl poly (A) + tailed cDNA and 625 n cGnRH-II gene specific primer-II and was amplified as described above (PCR VI). A 1 µl aliquot of a 1:200 dilution was then amplified using the PCR anchor primer and cGnRH-II gene specific primer-III (625 n) for 20 cycles using 94 C for 45 s, 58 C for 45 s and 72 C for 1 min (PCR VII).
Cloning and sequence analysis
Amplification products were separated by agarose gel electrophoresis and bands of the size predicted, based on previously published sequences, were excised and purified using QIAprep quick gel extraction kit (Qiagen Ltd, Crawley, Surrey, UK).
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These products were subjected to a further round of amplification with their respective primers, to determine the optimal number of cycles prior to saturation of PCR reagents. The optimised PCR protocols were repeated but with a final 10 min extension step at 72 C and the DNA content was estimated by gel electrophoresis or optical density at 260 nm. Aliquots from the PCR product were ligated, transfected and cultured using a TA cloning kit (Invitrogen, San Diego, CA, USA) according to the manufacturer's instructions, and plasmids recovered using a QIAprep spin plasmid kit (Qiagen). Plasmid inserts from several positive clones were sequenced according to the chain termination methods described by Sanger et al. (1977) using automatic sequencing (Donnan Labs, Department of Genetics and Microbiology, University of Liverpool, Liverpool, UK) and either M13 or T7 and SP6 primers.
Northern blot analysis
Total and mRNA were extracted as previously described from the olfactory bulbs, olfactory lobes, hypothalamus and midbrain. Ten micrograms of total or mRNA were migrated through an agarose (1%) formaldehyde gel and blotted onto a nylon membrane (Hybond-N+, Amersham, Bucks, UK). cDNA probes were labelled with [ 32 P]-dCTP using a radiolabelling random primer kit (Amersham) according to the manufacturer's instructions. Following hybridisation in 5 saline-sodium phosphate-EDTA buffer (SSPE), 5 Denhardt's solution and 0·5% (w/v) sodium dodecyl sulfate (SDS) at 65 C for 18 h, the membranes were washed at room temperature for 15 min in 2 SSPE, 0·1% (w/v) SDS, followed by 20 min at 65 C in 1 SSPE, 0·1% SDS, 15 min in 0·5 SSPE, 0·1% SDS and finally 15 min in 0·2 SSPE, 0·1% SDS. The blot was then exposed to a phosphoimage screen or X-ray film overnight.
RESULTS
Amplification of cDNA ends
3 RACE produced multiple bands following the first round of amplification using the sGnRH (PCR I) and cGnRH-II degenerate (PCR III) primers together with the adaptor-I 3 -primer. Following a second round of amplification with degenerate GnRH nested and adaptor-II 3 -primers, distinct bands of 410 bp (PCR II) and 430 bp (PCR IV) were produced when the products were separated by gel electrophoresis. The bands were only observed with reverse transcribed templates isolated from the olfactory bulbs and midbrain for sGnRH and cGnRH-II bands respectively.
A single round of amplification of cDNA made from mRNA isolated from the olfactory bulb, using the sGnRH gene specific primer-II and the oligo d(T)-anchor primer, produced a distinct band of 320 bp (PCR V). Amplification using cGnRH-II gene specific primer-II and oligo d(T)-anchor primer (PCR VI) followed by a further nested reaction with cGnRH-II gene specific primer-III and PCR anchor primer (PCR VII) produced a single band of 450 bp. This was isolated after amplifying cDNAs made from mRNA obtained from the midbrain.
Cloning and sequence analysis
The nucleotide sequences of several clones transfected with the products from 3 and 5 RACE reactions were determined. The cDNAs encoding the sGnRH and cGnRH-II precursors, together with their amino acid sequences, are shown in Figs 1 and 2. 3 and 5 RACE amplification of partial sGnRH and cGnRH-II precursors showed open reading frames and non-coding regions at the 3 and 5 ends respectively. The cDNA sequences of between four and six clones were identical, with the exception that substitutions of single bases at positions 109 (G/A), +126 (A/G), +127 (C/A), +138 (G/C), +225 (A/C) and the bases from +273 through to +292, which were replaced by GAA TATAAATATTTCTTTTTA(T 10) while, in these clones, bases 293 through to 318 were deleted (not shown in Fig. 2) for the cGnRH-II precursor. These substitutions were identified in at least two clones. However, the predicted amino acids were not altered.
The cDNA encoding sGnRH and cGnRH-II precursors were, respectively, 439 and 628 bp with the ATG initiation site for amino acid translation at position 69 to 67 bp and 72 to 70 bp. The signal peptide, which included a high proportion of hydrophobic amino acids for both variants, was encoded by bases represented at positions 69 and 72 through to 1 for sGnRH and cGnRH-II precursors respectively. The GnRH encoding region (1-30 bp) and Gly-Lys-Arg (30-39 bp) cleavage site preceded the GnRH-associated peptide (40-213 for sGnRH and 40-186 for cGnRH-II precursors). The polyadenylation signal (AATAAA) is found at nucleotides 330-335 and 366-371 in sGnRH and cGnRH-II respectively, which are upstream of the poly(A) + tail.
Northern analysis
The sGnRH and the cGnRH-II probes failed to detect a signal following hybridisation with 10 µg total RNA isolated from the olfactory bulb and midbrain of roach. When 10 µg poly A + RNA were isolated from these areas, sGnRH and cGnRH-II probes identified a single mRNA transcript of approximately 500 and 700 bp in the olfactory bulb and midbrain respectively (Fig. 3) . The sGnRH and cGnRH-II probe failed to hybridise to mRNA extracted from the midbrain and olfactory bulbs respectively.
DISCUSSION
Localisation and general structure of the GnRH precursor
Immunocytochemical studies have shown that at least two forms of GnRH exist in the brain of roach (Williams, Penlington, Hoole, Arme & King,  1. Nucleotide sequence encoding the salmon-type gonadotrophin-releasing hormone (GnRH) precursor of roach and the deduced amino acid sequence. Consensus nucleotides and deduced amino acids are numbered 5 -3 and N-to C-terminals respectively beginning with the first residue in the coding region of sGnRH shown as 1. The nucleotides corresponding to the polyadenylation signal (AATAAA) are underlined and the asterisk indicates the stop codon.
 2. Nucleotide sequence encoding the chicken-II-type gonadotrophin-releasing hormone (GnRH) precursor of roach and the deduced amino acid sequence. Consensus nucleotides and deduced amino acids are numbered 5 -3 and N-to C-terminals respectively beginning with the first residue in the coding region of sGnRH shown as 1. The nucleotides corresponding to the polyadenylation signal (AATAAA) are underlined and the asterisk indicates the stop codon. Where there is a discrepancy between repeat sequences, the consensus sequence is shown by I, while minority nucleotide changes are indicated with II.
Two types of gonadotrophin-releasing hormone precursor in roach ·    and others 341 unpublished observations). In the present study, both 3 and 5 RACE identified a sGnRH precursor in the olfactory bulbs, but not in the midbrain. In contrast, cGnRH-II precursor cDNA was isolated only from the midbrain region.
Consistent with the general structure of members of this neuropeptide family isolated from mammals, amphibians, birds and other fish species (e.g. Burgus et al. 1972 , Miyamoto et al. 1984 , Sherwood et al. 1986 , Hayes et al. 1994 , cDNAs isolated from roach-encoded peptides with tripartite structures. Both sGnRH and cGnRH-II precursor mRNA encodes a signal peptide, the GnRH and a GnRH associated peptide (GAP). The latter was connected to the hormone by a Gly-Lys-Arg sequence that is considered as a signal for proteolytic processing and C-terminal amidation (Nikolics et al. 1988) .
The occasional disagreements between nucleotides from sequence analysis of several clones were represented by substitutions for cDNAs encoding the cGnRH-II precursors. It is not possible to identify whether these substitutions are associated with polymorphism in the roach population, as suggested for cfGnRH, sGnRH and cGnRH-II precursor cDNAs (Bogerd et al. 1994 , Okuzawa et al. 1994 , or mis-incorporation during PCR, as suggested by Bond et al. (1991) . However, substitutions were obtained from at least two clones and, this together with their failure to alter the deduced amino acid sequence, favours the former explanation.
Nucleotide similarity between the GnRH precursors in cyprinids
The nucleotide sequences encoding both the sGnRH and cGnRH-II precursors of roach showed highest similarity (88·6 and 79·9% respectively) with the goldfish cDNA sequences (Figs 4 and 5) . Sequence similarity was high for both the coding and 5 non-coding regions. Roach GnRH cDNAs demonstrated high identity with goldfish cDNA over the 3 non-coding region of the sGnRH precursors (81·2%) but less with the 3 non-coding region of the cGnRH-II precursor (67·5%). The apparent greater divergence of the latter reflected regions of adjacent base deletions or insertions; however, where bases aligned, a high degree of similarity was observed (84·2%). This result is consistent with that of Ashihara et al. (1995) , who compared the nucleotide sequences of two genes encoding sGnRH precursor cDNAs in sockeye salmon. The transcripts of the one gene, referred to as pro GnRH-I, lacked a considerable number of bases in the 3 non-coding regions whereas the other, referred to as pro-sGnRH-II cDNA, did not show such deletions.
Nucleotide similarity between GnRH precursors in roach and non-cyprinids
Similarity between roach and non-cyprinid GnRH precursor cDNAs (including non-coding regions) varied between 38·0 and 46·7% and between 44·9 and 68·2% for sGnRH and cGnRH-II respectively. The higher degree of nucleotide similarity between the encoding regions from cGnRH-II precursor of roach and non-cyprinid may reflect the low number available for comparison; however, the relatively wide evolutionary divergence of the admittedly limited number of species suggests the cGnRH-II precursor may be more conserved. The sequences encoding the sGnRH precursor GAP regions of cyprinid and non-cyprinid species differ significantly after position +75, indicating the initiation of the presumed third exon. In fish, the variability between the different sGnRH GAP cDNAs suggests that the role of GAP may differ between species.
 3. Northern blot analysis from RNA isolated from the olfactory bulb (A) and the midbrain (B) of roach. Poly (A) RNA (10 µg) from the olfactory bulb (A) and midbrain (B) were electrophoresed and hybridised with a radiolabelled cDNA probe from roach sGnRH and cGnRH-II precursor cDNA. These probes revealed the presence of a single GnRH precursor corresponding to about 500 bp in the olfactory bulb and 700 bp in the midbrain for the sGnRH and cGnRH-II probes respectively. The size (bases) and position of the RNA markers are shown on the left hand side.
This high degree of nucleotide similarity that exists within the GnRH and adjoining proteolytic cleavage encoding regions, both within and between variants, suggests that these domains have been strongly selected throughout vertebrate evolution. However, in fish, reproductive function has only been confirmed for the sGnRH variant. Interestingly, this variant is also expressed in gonads (Lin & Peter 1996) . A comprehensive analysis between nucleotides of non-coding regions in cyprinids with other fish groups was not possible, as the sequence data for several species of the latter was apparently incomplete. However, where comparisons were possible, little or no sequence similarity between roach and non-cyprinid species was observed.
Comparison of predicted amino acid sequences
Comparisons of predicted amino acid sequences are consistent with those observed for the cDNA sequences. As observed by Klungland et al. (1992) ,  4. Non-coding and coding nucleotide sequences of the sGnRH precursor (see Fig. 5 ). Multiple sequence alignments used a simplification of the progressive, pair-wise method of Feng & Doolittle (1987) and were calculated using the pileup computer programme (GCG 1994) . Hyphens are introduced to maximise similarity; dots indicate identical nucleotides to those of roach. The nucleotides are numbered relative to the first base of the roach hormone coding region (i.e. no. 1) and the cDNA encoding the peptide precursor are slightly bold. The asterisk marks the start of the presumed third exon of sGnRH precursor.
Two types of gonadotrophin-releasing hormone precursor in roach ·    and others 343 Bogerd et al. (1994) and others, the amino acid sequences encoding the signal peptides for sGnRH and cGnRH-II contain a hydrophobic core preceded by a positively charged residue. The amino acid sequence of the presumed third exon of the sGnRH GAP was homologous with that of goldfish, but significantly different to the consensus seen in other fish. This further supports findings from the nucleotide sequence data, suggesting that sGnRH GAP may have different functions in different species (if it has a function, or functions, at all).
Expression of GnRH precursors
Northern blot analysis of poly A + RNA extracted from roach brain tissue revealed single copy mRNA transcripts of approximately 500 and 700 bp for the sGnRH and cGnRH-II precursors respectively. These represent full length mRNAs and the discrepancy between the size of transcript observed by Northern blot analysis and the 439 and 638 bp shown by the sequence data can probably be accounted for by the poly A + -tail. Consistent with results from RT-PCR, the sGnRH probe only hybridised to the mRNA isolated from the olfactory bulb, while the cGnRH-II hybridised to mRNA isolated from the midbrain. Although roach are polyploid, Northern blots failed to provide evidence for a related gene that may encode a second form of either sGnRH and/or cGnRH-II precursors. It is possible that these are present, but they may be expressed at low levels. Alternatively, these transcripts may not bear strong enough sequence similarity to the GnRH precursor cDNAs isolated here, although in salmonids, the transcripts of two precursor genes encoding sGnRH precursors are highly conserved (Ashihara et al. 1995a,b) .
Phylogenetic tree for GnRH precursors
The phylograms showing crude phylogenetic trees for the cDNAs encoding the sGnRH and cGnRH-II precursors were constructed using the 'unweighted pair-group method with arithmetic averages' (Sneath & Sokal 1973) . As shown in Fig.  6 , the cDNAs encoding the sGnRH and cGnRH-II precursors can be classified into two groups. The greater homology of the cGnRH-II precursor, coupled with its ubiquitous distribution among non-placental vertebrates, can be considered to reflect a common ancestry (suggested by Grober et al. 1995 and others) . This is supported by the finding that in a primitive euteleost, the catfish, a unique form of GnRH has evolved (Bogerd et al. 1994) as a possible functional homologue of sGnRH, while the cGnRH-II variant remains conserved.
To date, there is only scanty evidence about the function of the GnRH gene family. The work presented here is part of an ongoing study  5. Non-coding and coding nucleotide sequences of the cGnRH-II precursor compared to the sGnRH precursor (see Fig. 4 ). Details are as described for Fig. 4. investigating the inhibitory action by the parasite Ligula intestinalis on the reproductive development in fish. It is hoped that future work, using the GnRH sequences reported here as probes, will help identify the mechanism whereby this parasite causes complete reproductive suppression in its fish host.
